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[Title of the Invention] 

ALUMINUM NITRIDE SINTERED BODY PRODUCTION METHOD 
[Abstract] 

Object: To provide a practical method for economically producing an 
aluminum nitride sintered body excellent in thermal conductivity and 
mechanical strength. 

Constitution: The present invention comprises firing a formed body obtained 
by adding a rare earth compound containing a non-fluoride type oxygen as a 
sintering aid to an aluminum nitride powder with a specific surface area of 
12.0 m 2 /g or more at a temperature of 1650°C or less in a non-oxidizing 
atmosphere. 
[Claims] 

1. An aluminum nitride sintered body production method which 
comprises firing a formed body obtained by adding a sintering aid to an 
aluminum nitride powder then forming, in a non-oxidizing atmosphere, 
thereby sintering the formed body, wherein 

a specific surface area of the aluminum nitride powder is 12.0 m 2 /g 
or more, 

the sintering aid is a rare earth compound containing non-fluoride 
type oxygen, and 

the firing in a non-oxidizing atmosphere is carried out at a 
temperature of 1650°C or less. 
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2. The aluminum nitride sintered body production method 
according to claim 1, wherein 

reduction treatment is also carried out before or after or during the 

firing. 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

The present invention relates to an aluminum nitride sintered body 
production method. 
[0002] 
[Prior Art] 

Along with progress in highly advanced integration and high power 
of semiconductor devices such as IC, an electric insulating material with 
high heat releasing property has been desired. Under such circumstances, 
especially, an insulative substrate made of an aluminum nitride sintered 
body has been attracting attention and developed for practical use because 
of its excellent thermal conductivity, thermal expansion property, electric 
insulating property and the like. 
[0003] 

However, since an aluminum nitride powder, which is a raw 
material of the aluminum nitride sintered body, is costly, hard to be sintered 
and therefore necessitates firing at a high temperature of 1750°C or more, 
an aluminum nitride sintered body becomes extremely expensive. For that, 
aluminum nitride sintered body production methods to be carried out at a 
low cost by lowering the sintering temperature have been proposed. That 
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is, use of fluorides or oxides of rare earth elements in combination with 
fluorides or oxides of alkaline earth elements as sintering aids for aluminum 
nitride powders has been proposed (JP Kokai Sho 61-209959, USP 
4,746,637). In these cases, aluminum nitride sintered bodies with high 
densities and high thermal conductivities are obtained by low temperature 
firing at 1550 to 1700°C. However, above-mentioned methods have the 
following problems. 
[0004] 

If a fluoride is used as a sintering aid, fluorine element generated by 
decomposition of such a sintering aid at the time of firing easily becomes a 
corrosive and toxic gas like HF and causes problem such as undesirable 
effects on health of workers and damages of a firing furnace and the like; 
therefore, such a fluoride is not practical to be used. As compared with a 
case of using a rare earth compound solely, combination use of a rare earth 
compound and an alkaline earth compound as a sintering aid is found 
effective to lower the liquid-phase formation temperature and, accordingly, 
makes low temperature firing possible. However, at the same time, grains 
significantly grow owing to liquid-phase formation and that results in 
degradation of the mechanical strength in spite of increase of heat 
conductivity. Further, in the case of an alkaline earth element, there are 
problems such as an easy occurrence of diffusion during firing to cause 
uneven distribution in a sintered body, uneven firing of an aluminum nitride 
sintered body, and deposition reaction on a firing furnace and a setter, which 
is of a jig and the like, is caused to result in their deterioration. 
Additionally, since the above-mentioned liquid phase forms thick grain 



boundary layers and surrounds grains, the fracture mode becomes 
intergranular fracture. Generally, the mechanical strength is decreased as 
compared with the case of using solely a rare earth compound. For 
example, in the case of using Y2O3 alone, a liquid phase is formed between 
AI2O3 and Y2O3 at 1760°C and the liquid phase wets aluminum nitride 
grains but does not form grain boundary layers and the liquid phase is 
easily concentrated on triple points of grain boundaries to make grain 
boundary layers extremely thin and accordingly, the fracture mode is not 
attributed to intergranular fracture but more easily attributed to 
intragranular fracture. As compared with the intergranular fracture, the 
intragranular fracture results generally in higher mechanical strength. 
[0005] 

[Problems to be Solved by the Invention] 

In consideration of the above-mentioned circumstances, an object of 
the present invention is to provide a practical method capable of 
economically producing an economical aluminum nitride sintered body 
excellent in thermal conductivity and mechanical strength. 
[0006] 

[Means for Solving the Problems] 

In order to solve the above-mentioned problems, in an aluminum 
nitride sintered body production method according to the present invention, 
when firing a formed body obtained by adding a sintering aid to an 
aluminum nitride powder then forming, in a non-oxidizing atmosphere, 
thereby sintering the formed body, a specific surface area of the aluminum 
nitride powder is 12.0 m 2 /g or more, the sintering aid is a non -fluoride type 



oxygen containing rare earth compound, and the firing in a non-oxidizing 

atmosphere is carried out at a temperature of 1650°C or less. 

[0007] 

With respect to this invention, as it will be described later in detail, 
an embodiment in which reduction treatment is carried out before or after 
or during the firing is effective to increase the thermal conductivity of an 
obtained aluminum nitride sintered body (hereinafter, referred to as "A1N 
sintered body") and can be said to be an effective embodiment. In the 
present invention, the reason for using an aluminum nitride powder 
(hereinafter, referred to as "A1N powder") having a small particle diameter 
with a specific surface area of 12.0 m 2 /g or more is because it is made 
possible to carry out sintering by low temperature firing at 1650°C or less in 
the condition of using solely a rare earth compound containing non-fluoride 
type oxygen (an oxygen-containing compound of rare earth elements), that is, 
a rare earth compound belonging to a group of rare earth oxides and 
non-fluoride type rare earth compounds to be rare earth oxides by firing. 
[0008] 

As described above, use of fluorides or oxides of rare earth elements 
in combination with fluorides or oxides of alkaline earth elements makes 
sintering of even an A1N powder with a specific surface area of less than 
12.0 m 2 /g possible; however, problems such as decrease of mechanical 
strength owing to grain growth, uneven firing of a resulting A1N sintered 
body, deteriorations of a firing furnace and a setter are caused. The 
present invention solves such adverse effects of the above-mentioned 
combination use and makes sintering by low temperature firing possible 



with no need of combination use of sintering aids. 
[0009] 

For example, in the case of Y2O3, which is a typical 
oxygen-containing compound of rare earth elements, an eutectoid melted 
liquid is formed from Y2O3 and AI2O3 on the surface of A1N powder at 1760°C 
or more and for carrying out liquid-phase sintering, it is required to carry 
out firing at a temperature equal to or more than that temperature. Based 
on the investigations by the inventors, if Y2O3 is used alone for carrying out 
sintering a coarse A1N powder with a specific surface area of about 3.0 m 2 /g, 
the above-mentioned liquid-phase sintering is indispensable and high 
temperature firing at 1760°C or higher is essentially required. Therefore, 
the inventors have made further investigations and found that not the 
liquid-phase sintering but solid-phase sintering seems to be possible and the 
firing temperature can be decreased if an A1N powder is a fine powder with 
a specific surface area of 12.0 m 2 /g or more. It is found that in the case of 
an A1N powder with a specific surface area less than 1.20 m 2 /g, sintering 
temperature exceeding 1700°C is required, whereas in the case of an A1N 
powder with a specific surface area of 12.0 m 2 /g or more, sintering is made 
possible by firing at a temperature of 1650°C or less by using only a 
sintering aid of a non-fluoride type rare earth compound. 
[0010] 

When sintering is possible by firing at a temperature of 1650°C or 
less, it results in advantages reflected in the firing cost down. Practically, 
the life of a costly BN container employed as a firing container can be 
remarkably prolonged and, further, it is made possible to utilize an 



economical alumina-based container in place of the costly BN container. 
The economical alumina-based container has been conventionally impossible 
to use because deformation by high temperature creep has become 
significant by firing at a temperature exceeding 1650°C. Furthermore, 
power consumption can be saved to result in cost down in terms of running 
cost of a firing furnace. 
[0011] 

Next, thermal conductivity and mechanical strength of an A1N 
sintered body to be obtained by the present invention will be described. As 
seen above, in the case of the present invention, since sintering of a fine A1N 
powder with a specific surface area of 12.0 m 2 /g or more is carried out by 
firing at a temperature of 1650°C or less using only a sintering aid of a 
non-fluoride type rare earth compound, the sintering mechanism is 
supposedly not based on the liquid-phase sintering but on the solid-phase 
sintering. Accordingly, the grain size of an obtained A1N sintered body 
becomes smaller than that of an A1N sintered body obtained by using an 
alkaline earth compound which forms the liquid-phase even at 1650°C or 
less as a sintering aid and, as a result, the mechanical strength is increased. 
Nevertheless, in general, the smaller the grain size of an A1N sintered body 
becomes, the lower the thermal conductivity tends to be. Because the 
thermal conduction mechanism of an A1N sintered body is phonon 
conduction and the phonon conduction easily causes scattering in the grain 
boundaries and there are many grain boundaries in the case of an A1N 
sintered body with a small grain size; therefore, the phonon scattering 
becomes significant and thermal conduction is interfered. 



[0012] 

Further, impurity oxygen in an A1N powder that is a cause of 
thermal conductivity decrease is generally increased more when the specific 
surface area of the A1N powder is increased more (the particle diameter 
becomes smaller). That is, impurity oxygen exists in the surface layer of 
the A1N powder. Accordingly, in the case of the present invention where a 
fine A1N powder with a specific surface area of 12.0 m 2 /g or more, the 
impurity oxygen amount inevitably increases as compared with that of a 
case of using an A1N powder having a larger particle diameter. 
[0013] 

In such a manner, an A1N sintered body obtained by the present 
invention is disadvantageous in terms of thermal conductivity attributed to 
that the grain size is small and impurity oxygen amount in an A1N powder 
as a raw material is high. However, when reduction treatment is carried 
out before or after or during firing in the present invention, the thermal 
conductivity can be improved. The reduction treatment decreases the 
amount of the impurity oxygen in the A1N powder and increases the thermal 
conductivity to the corresponding extent. Incidentally, since the grain size 
of the sintered body is scarcely changed by the reduction treatment, it is 
supposed that the decrease of the thermal conductivity relevant to the grain 
size is not at all solved, but some of oxygen in the surface layer of the A1N 
powder is taken in the gains of aluminum nitride at the time of sintering 
because of decrease of the oxygen amount and, accordingly, the thermal 
conductivity of the grains themselves is improved. As a result, it can be 
expected that the decrease of the thermal conductivity relevant to the grain 

8 



size is solved to some extent. As described above, in the case of performing 
also the reduction treatment, although the grain size is small, a high 
thermal conductivity can be achieved by improvement of the purity. 
[0014] 

The above descriptions can be summarized as follows. In the 
present invention, in order to carry out sintering by a low temperature 
firing at 1650°C or less, which makes economical firing possible, without 
using an alkaline earth compound or a fluoride type sintering aid that cause 
various problems, a finely granular A1N powder with a specific surface area 
of 12 m 2 /g or more and an oxygen-containing compound of rare earth 
elements as raw materials. As a result, since the gain size in a sintered 
body becomes smaller than the case of using an alkaline earth compound, 
the mechanical strength can be improved. Further, with respect to the 
thermal conductivity, it is made possible to improve the thermal 
conductivity by reduction of impurity oxygen in an A1N powder by 
employing the reduction treatment. 
[0015] 

Examples of a non-fluoride type rare earth compound (oxygen- 
containing compound of rare earth elements) to be used as a sintering aid 
include oxides of rare earth elements such as Y, La, Dy, Er, Ce, Sm, Pm, Nd, 
Eu, Gd, Tb, Pr, Tm, Lu, Ho and Yb, and as compounds to be rare earth 
oxides by firing, carbonates, nitrates, hydroxides, and oxalates of these 
elements. In the case of using the sintering aid, a plurality of types of the 
rare earth oxides may be used in combination or a plurality of type of 
compounds to be the rare earth oxides by firing may be used in combination 
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or the rare earth oxides and compounds to be the rare earth oxides by firing 
may be used in combination. With respect to the addition amount of the 
sintering aid, it is preferable to adjust the amount of the sintering aid to be 
0.1 to 10% by weight in 100% by weight of the entire body of the obtained 

t 

A1N sintered body. 
[0016] 

Firing is carried out at a temperature in arange of 1400 to 1650°C 
for about 1 to 6 hours; however, the conditions are not limited to these 
ranges. The reduction treatment may be carried out either before or after 
or during firing for sintering; however, oxygen is eOS^to be removed before 
sintering is promoted far extent. For example, in the case of sintering at 
1650°C, firing at a temperature up to 1200°C may be carried out in reducing 
atmosphere and, after that, in neutral atmosphere. Alternatively, firing 
may be carried out entirely in reducing atmosphere to simultaneously carry 
out sintering and reduction treatment in parallel for almost same period. 
Examples of the reducing atmosphere to be employed for the reduction 
treatment include reducing atmosphere of H 3 , CO, NH 3 , CH 4 , C2H4, C 2 H 6 , 
C3H8 and the like, and combination of these reducing gases with neutral gas 
atmosphere of Ni, Ar or the like provides effective treatment atmosphere. 
Further, in the case a firing furnace is a carbon furnace employing a carbon 
heater or a carbon furnace material, reducing atmosphere of vapor phase 
carbon can be easily generated. 
[0017] 

[Operations] 

In the case of the present invention, an A1N powder with a specific 
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surface area of less than 12.0 m 2 /g can be sintered by firing at a 
temperature as low as 1,650°C or lower using only a sintering aid of a 
non-fluoride type rare earth compound without using an alkaline earth 
compound and a fluoride type sintering aid that cause various problems. 
[0018] 

Since neither alkaline earth compound nor fluoride type sintering 
aid is used, uneven firing and warping of an A1N sintered body, and 
deterioration of a furnace and a setter due to diffusion can be inhibited. 
Moreover, since firing is carried out at a low temperature of 1650°C or less, 
the life of a firing container can be prolonged and an economical material is 
made applicable and also, the power consumption can be saved to result in 
running cost down. 
[0019] 

Further, since the grain size in an obtained A1N sintered body 
becomes small, the mechanical strength can be improved: inhibited and 
since firing is carried out at a low temperature of 1650°C or less, the life of a 
firing container can be prolonged and an economical material is made 
applicable and also, the power consumption can be saved to result in 
running cost down. 
[0020] 

In the case reduction treatment is carried out before or after or 
during the firing, owing to removal of impurity oxygen and the like, a highly 
thermally conductive A1N sintered body can be obtained. 
[0021] 
[Examples] 
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Hereinafter, examples of the present invention will be described. 
The present invention is not limited to the following examples. 
Example 1 

As a sintering aid, 3.0% by weight of Y2O3 was added to an A1N 
powder with a specific surface area of 12.0 m 2 /g, and mixed by a wet type 
ball mill. The obtained mixture was dried and granulated, then formed 
into a disk shape with a diameter of 20 mm and a height of 10 mm by a 
uniaxial press, and further subjected to CIP with a pressure of 1.5 ton/cm 2 
to obtain a disk-shaped formed body. 
[0022] 

Successively, the obtained formed body was set in a crucible made of 
BN, covered with a loose cover made of BN, and the crucible was housed in a 
carbon furnace. While N2 gas containing 4% of H2 being circulated, the 
temperature was raised to 120°C and the gas was changed to 100% N 2 . 
The temperature was further raised to 1650°C and kept for 3 hours to 
obtain an A1N sintered body. 
Example 2 

An A1N sintered body was obtained in the same manner as Example 
1, except that Y2O3 as a sintering aid was replaced by Y(N03>3 and the 
sintering temperature was changed to be 1600°C. 
[0023] 
Example 3 

As a sintering aid, 3.0% by weight of Y2O3 was added to an A1N 
powder with a specific surface area of 15.0 m 2 /g and a disk-shaped formed 
body was obtained in the same manner as Example 1. After that, the 
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formed body was put in an alumina setter, covered with an aluminum plate 
and housed in a carbon furnace. While N 2 gas containing 4% of H 2 being 
circulated, the temperature was raised to 1600°C and kept for 3 hours to 
obtain an A1N sintered body. N 2 gas containing 4% of H 2 was used for the 
entire process. 
[0024] 
Example 4 

An A1N sintered body was obtained in the same manner as Example 
3, except that Y 2 03 as a sintering aid was replaced by La 2 03. 
Example 5 

An A1N sintered body was obtained in the same manner as Example 
3, except that the crucible made of BN and a cover made of BN used in 
Example 1 were used in place of the alumina setter and the alumina plate, 
and 100% N 2 was used for the entire process. 
[0025] 

Comparative Example 1 

As a sintering aid, 3.0% by weight ofY 2 0 3 was added to an A1N 
powder with a specific surface area of 10.0 m 2 /g and a disk-shaped formed 
body was obtained in the same manner as Example 1. After that, the 
formed body was put in a crucible made of BN, covered with a loose cover 
made of BN, and housed in a carbon furnace. While 100 % N 2 gas being 
circulated, the temperature was raised to 1650°C and kept for 3 hours to 
obtain an A1N sintered body. 
[0026] 

Comparative Example 2 
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An A1N sintered body was obtained in the same manner as 
Comparative Example 1, except that 3.0% by weight of Y2O3 and 0.5% by 
weight of CaO were added as the sintering aid. 
Comparative Example 3 

An A1N sintered body was obtained in the same manner as 
Comparative Example 2, except that an A1N powder with a specific surface 
area of 3.0 m 2 /g was used as the A1N powder. 
[0027] 

Tables 1 and 2 show the main firing conditions of the respective 
Examples and Comparative Examples, and the densities, the grain sizes, 
the thermal conductivities and the bending strength of the respective A1N 
sintered bodies obtained in Examples and Comparative Examples. 
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[0028] 



[Table 1] 





Type and 
amount of* 
sintering aid 
(% by weight) 


Firing 

t.PTnnprfltnrp 

and duration 
°C,Hr 


firing 


Material of 
container for 
firing 


Example 1 


Y2O3 
3% by weight 


1650 
3 


1200°C or less: 
H 2 + N 2 * 
1200°C or 
more: N2 


BN 


Example 2 


Y(N0 3 ) 3 
3% by weight 


1600 
3 


12Q0°C or less: 
H2 + N 2 * 
1200°C or 
more: N 2 


BN 


Example 3 


Y2O3 
3% by weight 


1600 
3 


H2 + N 2 * 


AI2O3 


Example 4 


La2<I>3 
3% by weight 


1600 
3 


H 2 + N 2 * 


AI2O3 


Example 5 


Y2O3 
3% by weight 


1600 
3 


N 2 


BN 


Comparative 
Example 1 


Y2O3 
3% by weight 


1650 
3 


N 2 


BN 


Comparative 
Example 2 


Y2O3 
3% by weight 

CaO 
0.5% by weight 


1650 
3 


N 2 


BN 


Comparative 
Example 3 


Y2O3 
3% by weight 

CaO 
0.5% by weight 


1650 
3 


N 2 


BN 



*: N2 gas containing 4% of H2 
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[0029] 
[Table 2] 





Density 
(g/cm 3 ) 


Thermal 
conductivity 
(W/mK) 


Bending 
strength 
(kgf7mm 2 ) 


Average 
grain size 


Specific 
surface area 
ofAIN 
Dowder 


Example 1 


3.30 


150 


44 


0.9 jam 


12 m 2 /g 


Example 2 


3.29 


143 


46 


0.8 |im 


12 m 2 /g 


Example 3 


3.30 


135 


48 


0.7 |om 


15 m 2 /g 


Example 4 


3.33 


130 


47 


0.7 Jim 


15 m 2 /g 


Example 5 


3.30 


120 


50 


0.7 |im 


15 m 2 /g 


Comparative 
Example 1 


2.87 


100 


25 


1.0 |im 


10 m 2 /g 


Comparative 
Example 2 


3.23 


115 


28 


1.4 |im 


10 m 2 /g 


Comparative 
Example 3 


3.10 


108 


23 


1.5 |im 


3 m 2 /g 



[0030] 



As shown in Table 2, the A1N sintered bodies of Examples were 
sufficiently densified without using an alkaline earth type or fluoride type 
sintering aid and provided with both high thermal conductivities and 
bending strength. On the contrary, A1N sintered bodies of Comparative 
Examples were not provided with those properties. 
[0031] 
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[Effects of the Invention] 

In an A1N sintered body production method according to the present 
invention, firing is carried out at a low temperature of not more than 
1650°C, therefore the life of a container for a firing jig can be prolonged and 
it is made possible to utilize a container made of an economical material and 
further power consumption can be saved to result in cost down of running 
cost as well. Furthermore, since neither alkaline earth compound nor 
fluoride type sintering aid is required to be used, uneven firing, warping, 
and deterioration of a furnace and a setter owing to diffusion can be 
prevented and further the grain size becomes small to give A1N sintered 
bodies excellent in mechanical strength at a low cost. In addition, in the 
case reduction treatment is carried out, the thermal conductivities of A1N 
sintered bodies can be improved. Accordingly, the present invention is 
practical and remarkably advantageous for practical application. 
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[Written Amendment] 

[Date of Submission] February 24, 1993 

[Written Amendment 1] 

[Title of Object Document of Amendment] Specification 

[Title of Object Item of Amendment] The whole sentence 

[Method for Amendment] Replacement 

[Contents of Amendment] 

[Title of Document] Specification 

[Title of the Invention] 

ALUMINUM NITRIDE SINTERED BODY PRODUCTION METHOD 
[Claims] 

1. An aluminum nitride sintered body production method which 
comprises firing a formed body obtained by adding a sintering aid to an 
aluminum nitride powder then forming, in a non-oxidizing atmosphere, 
thereby sintering the formed body, wherein 

a specific surface area of the aluminum nitride powder is 12.0 m 2 /g 
or more, 

the sintering aid is a rare earth compound containing non-fluoride 
type oxygen, and 

the firing in a non-oxidizing atmosphere is carried out at a 
temperature of 1650°C or less. 

2. The aluminum nitride sintered body production method 
according to claim 1, wherein 

reduction treatment is also carried out before or after or during the 

firing. 
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[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

The present invention relates to an aluminum nitride sintered body 
production method. 
[0002] 
[Prior Art] 

Along with progress in highly advanced integration and high power 
of semiconductor devices such as IC, an electric insulating material with 
high heat releasing property has been desired. Under such circumstances, 
especially, an insulative substrate made of an aluminum nitride sintered 
body has been attracting attention and developed for practical use because 
of its excellent thermal conductivity, thermal expansion property, electric 
insulating property and the like. 
[0003] 

However, since an aluminum nitride powder, which is a raw 
material of the aluminum nitride sintered body, is costly, hard to be sintered 
and therefore necessitates firing at a high temperature of 1750°C or more, 
an aluminum nitride sintered body becomes extremely expensive. For that, 
aluminum nitride sintered body production methods to be carried out at a 
low cost by lowering the sintering temperature have been proposed. That 
is, use of fluorides or oxides of rare earth elements in combination with 
fluorides or oxides of alkaline earth elements as sintering aids for aluminum 
nitride powders has been proposed (JP Kokai Sho 61-209959, USP 
4,746,637). In these cases, aluminum nitride sintered bodies with high 
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densities and high thermal conductivities are obtained by low temperature 

firing at 1550 to 1700°C. However, above-mentioned methods have the 

following problems. 
[0004] 

If a fluoride is used as a sintering aid, fluorine element generated by 
decomposition of such a sintering aid at the time of firing easily becomes a 
corrosive and toxic gas like HF and causes problem such as undesirable 
effects on health of workers and damages of a firing furnace and the like; 
therefore, such a fluoride is not practical to be used. As compared with a 
case of using a rare earth compound solely, combination use of a rare earth 
compound and an alkaline earth compound as a sintering aid is found 
effective to lower the liquid-phase formation temperature and, accordingly, 
makes low temperature firing possible. However, at the same time, grains 
significantly grow owing to liquid-phase formation and that results in 
degradation of the mechanical strength in spite of increase of heat 
conductivity. Further, in the case of an alkaline earth element, there are 
problems such as an easy occurrence of diffusion during firing to cause 
uneven distribution in a sintered body, uneven firing of an aluminum nitride 
sintered body, and deposition reaction on a firing furnace and a setter, which 
is of a jig and the like, is caused to result in their deterioration. 
Additionally, since the above-mentioned liquid phase forms thick grain 
boundary layers and surrounds grains, the fracture mode becomes 
intergranular fracture. Generally, the mechanical strength is decreased as 
compared with the case of using solely a rare earth compound. For 
example, in the case of using Y2O3 alone, a liquid phase is formed between 
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AI2O3 and Y2O3 at 1760°C and the liquid phase wets aluminum nitride 
grains but does not form grain boundary layers unlike the case of using an 
alkaline earth compound that forms thick grain boundary layers, and the 
liquid phase is easily concentrated on triple points of grain boundaries to 
make grain boundary layers extremely thin and accordingly, the fracture 
mode is not attributed to intergranular fracture but more easily attributed 
to intragranular fracture. As compared with the intergranular fracture, 
the intragranular fracture results generally in higher mechanical strength. 
[0005] 

[Problems to be Solved by the Invention] 

In consideration of the above-mentioned circumstances, an object of 
the present invention is to provide a practical method capable of 
economically producing an economical aluminum nitride sintered body 
excellent in thermal conductivity and mechanical strength. 
[0006] 

[Means for Solving the Problems] 

In order to solve the above-mentioned problems, in an aluminum 
nitride sintered body production method according to the present invention, 
when firing a formed body obtained by adding a sintering aid to an 
aluminum nitride powder then forming, in a non-oxidizing atmosphere, 
thereby sintering the formed body, a specific surface area of the aluminum 
nitride powder is 12.0 m 2 /g or more, the sintering aid is a non-fluoride type 
oxygen containing rare earth compound, and the firing in a non-oxidizing 
atmosphere is carried out at a temperature of 1650°C or less. 
[0007] 
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With respect to this invention, as it will be described later in detail, 
an embodiment in which reduction treatment is carried out before or after 
or during the firing is effective to increase the thermal conductivity of an 
obtained aluminum nitride sintered body (hereinafter, referred to as "A1N 
sintered body") and can be said to be an effective embodiment. In the 
present invention, the reason for using an aluminum nitride powder 
(hereinafter, referred to as "A1N powder") having a small particle diameter 
with a specific surface area of 12.0 m 2 /g or more is because it is made 
possible to carry out sintering by low temperature firing at 1650°C or less in 
the condition of using solely a rare earth compound containing non-fluoride 
type oxygen (an oxygen-containing compound of rare earth elements), that is, 
a rare earth compound belonging to a group of rare earth oxides and 
non-fluoride type rare earth compounds to be rare earth oxides by firing. 
[0008] 

As described above, use of fluorides or oxides of rare earth elements 
in combination with fluorides or oxides of alkaline earth elements makes 
sintering of even an A1N powder with a specific surface area of less than 
12.0 m 2 /g possible; however, problems such as decrease of mechanical 
strength owing to grain growth, uneven firing of a resulting A1N sintered 
body, deteriorations of a firing furnace and a setter are caused. The 
present invention solves such adverse effects of the above-mentioned 
combination use and makes sintering by low temperature firing possible 
with no need of combination use of sintering aids. 
[0009] 

For example, in the case of Y2O3, which is a typical 
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oxygen-containing compound of rare earth elements, an eutectoid melted 
liquid is formed from Y2O3 and AI2O3 on the surface of A1N powder at 1760°C 
or more and for carrying out liquid-phase sintering, it is required to carry 
out firing at a temperature equal to or more than that temperature. Based 
on the investigations by the inventors, if Y2O3 is used alone for carrying out 
sintering a coarse A1N powder with a specific surface area of about 3.0 m 2 /g, 
the above-mentioned liquid-phase sintering is indispensable and high 
temperature firing at 1760°C or higher is essentially required. Therefore, 
the inventors have made further investigations and found that not the 
liquid-phase sintering but solid-phase sintering seems to be possible and the 
firing temperature can be decreased if the particle diameter of an A1N 
powder is made further finer . It is found that in the case of an A1N powder 
with a specific surface area less than 1.20 m 2 /g, sintering temperature 
exceeding 1700°C is required, whereas in the case of an A1N powder with a 
specific surface area of 12.0 m 2 /g or more, sintering is made possible by 
firing at a temperature of 1650°C or less by using only a sintering aid of a 
non-fluoride type rare earth compound. 
[00101 

When sintering is possible by firing at a temperature of 1650°C or 
less, it results in advantages reflected in the firing cost down. Practically, 
the life of a costly BN container employed as a firing container can be 
remarkably prolonged and, further, it is made possible to utilize an 
economical alumina-based container in place of the costly BN container. 
The economical alumina-based container has been conventionally impossible 
to use because deformation by high temperature creep has become 
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significant by firing at a temperature exceeding 1650°C. Furthermore, 
power consumption can be saved to result in cost down in terms of running 
cost of a firing furnace. 
[0011] 

Next, thermal conductivity and mechanical strength of an A1N 
sintered body to be obtained by the present invention will be described. As 
seen above, in the case of the present invention, since sintering of a fine A1N 
powder with a specific surface area of 12.0 m 2 /g or more is carried out by 
firing at a temperature of 1650°C or less using only a sintering aid of a 
non-fluoride type rare earth compound, the sintering mechanism is 
supposedly not based on the liquid-phase sintering but on the solid-phase 
sintering. Accordingly, the grain size of an obtained A1N sintered body 
becomes smaller than that of an A1N sintered body obtained by using an 
alkaline earth compound which forms the liquid-phase even at 1650°C or 
less as a sintering aid and, as a result, the mechanical strength is increased. 
Nevertheless, in general, the smaller the grain size of an A1N sintered body 
becomes, the lower the thermal conductivity tends to be. Because the 
thermal conduction mechanism of an A1N sintered body is phonon 
conduction and the phonon conduction easily causes scattering in the grain 
boundaries and there are many grain boundaries in the case of an A1N 
sintered body with a small grain size; therefore, the phonon scattering 
becomes significant and thermal conduction is interfered. 
[0012] 

Further, impurity oxygen in an A1N powder that is a cause of 
thermal conductivity decrease is generally increased more when the specific 
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surface area of the A1N powder is increased more (the particle diameter 
becomes smaller). That is, impurity oxygen easily exists in the surface 
layer of the A1N powder. Accordingly, in the case of the present invention 
where a fine A1N powder with a specific surface area of 12.0 m 2 /g or more, 
the impurity oxygen amount inevitably increases as compared with that of a 
case of using an A1N powder having a larger particle diameter. 
[0013] 

In such a manner, an A1N sintered body obtained by the present 
invention is disadvantageous in terms of thermal conductivity attributed to 
that the grain size is small and impurity oxygen amount in an A1N powder 
as a raw material is high. However, when reduction treatment is carried 
out before or after or during firing in the present invention, the thermal 
conductivity can be improved. The reduction treatment decreases the 
amount of the impurity oxygen in the A1N powder and increases the thermal 
conductivity to the corresponding extent. That is, even if impurity oxygen 
is decre ased, basically, the grain size of the sintered body is scarcely 
changed ; therefore, it is nevertheless disadvantageous for solution of 
thermal conductivity decrease attributed to the grain size, that is. for 
improve ment of heat conduction. However, on the other hand, decrease of 
the ther mal conductivities of A1N grains themselves attributed to that some 
of oxygen in the surface layer of the A1N grains is taken in the intra-AIN 
gains at the time of sintering can be moderated by decrease of the oxygen 
amount by the reduction treatment. As a result, although the grain size is 
small, hi gh thermal conductivity can be achieved by improving the purity 
and, accordingly, it results in solution of the decrease of the thermal 

25 



conductivity attributed to the grain size. 
[0014] 

The above descriptions can be summarized as follows. In the 
present invention, in order to carry out sintering by a low temperature 
firing at 1650°C or less, which makes economical firing possible, without 
using an alkaline earth compound or a fluoride type sintering aid that cause 
various problems, a finely granular A1N powder with a specific surface area 
of 12 m 2 /g or more and an oxygen-containing compound of rare earth 
elements as raw materials. As a result, since the gain size in a sintered 
body becomes smaller than the case of using an alkaline earth compound, 
the mechanical strength can be improved. Further, with respect to the 
thermal conductivity, it is made possible to improve the thermal 
conductivity by reduction of impurity oxygen in an A1N powder by 
employing the reduction treatment. 
[0015] 

Examples of a non-fluoride type rare earth compound (oxygen- 
containing compound of rare earth elements) to be used as a sintering aid 
include oxides of rare earth elements such as Y, La, Dy, Er, Ce, Sm, Pm, Nd, 
Eu, Gd, Tb, Pr, Tm, Lu, Ho and Yb, and as compounds to be rare earth 
oxides by firing, carbonates, nitrates, hydroxides, and oxalates of these 
elements. In the case of using the sintering aid, a plurality of types of the 
rare earth oxides may be used in combination or a plurality of type of 
compounds to be the rare earth oxides by firing may be used in combination 
or the rare earth oxides and compounds to be the rare earth oxides by firing 
may be used in combination. With respect to the addition amount of the 
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sintering aid, it is preferable to adjust the amount of the sintering aid to be 
0.1 to 10% by weight in 100% by weight of the entire body of the obtained 
A1N sintered body. 
[0016] 

Firing is carried out at a temperature in a range of 1400 to 1650°C 
for about 1 to 6 hours; however, the conditions are not limited to these 
ranges. The reduction treatment may be carried out either before or after 
or during firing for sintering; however, oxygen is easferto be removed before 
sintering is promoted far extent. For example, in the case of sintering at 
1650°C, firing at a temperature up to 1200°C may be carried out in reducing 
atmosphere and, after that, in neutral atmosphere. Alternatively, firing 
may be carried out entirely in reducing atmosphere to simultaneously carry 
out sintering and reduction treatment in parallel for almost same period. 
Examples of the reducing atmosphere to be employed for the reduction 
treatment include reducing atmosphere of H 3 , CO, NH 3 , CH 4 , C 2 H 4 , C 2 H 6 , 
C3H8 and the like, and combination of these reducing gases with neutral gas 
atmosphere of N 2) Ar or the like provides effective treatment atmosphere. 
Further, in the case a firing furnace is a carbon furnace employing a carbon 
heater or a carbon furnace material, reducing atmosphere of vapor phase 
carbon can be easily generated. 
[0017] 

[Operations] 

In the case of the present invention, an A1N powder with a specific 
surface area of less than 12.0 m 2 /g or more can be sintered by firing at a 
temperature as low as 1,650°C or lower using only a sintering aid of a 
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non-fluoride type rare earth compound without using an alkaline earth 
compound and a fluoride type sintering aid that cause various problems. 
[0018] 

Since neither alkaline earth compound nor fluoride type sintering 
aid is used, uneven firing and warping of an A1N sintered body, and 
deterioration of a furnace and a setter due to diffusion can be inhibited. 
Moreover, since firing is carried out at a low temperature of 1650°C or less, 
the life of a firing container can be prolonged and an economical material is 
made applicable and also, the power consumption can be saved to result in 
running cost down. 
[0019] 

Further, since the grain size in an obtained A1N sintered body 
becomes small, the mechanical strength can be improved. 
[0020] 

In the case reduction treatment is carried out before or after or 
during the firing, owing to removal of impurity oxygen and the like, a highly 
thermally conductive A1N sintered body can be obtained. 
[0021] 
[Examples] 

Hereinafter, examples of the present invention will be described. 
The present invention is not limited to the following examples. 
Example 1 

As a sintering aid, 3.0% by weight of Y2O3 was added to an A1N 
powder with a specific surface area of 12.0 m 2 /g, and mixed by a wet type 
ball mill. The obtained mixture was dried and granulated, then formed 
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into a disk shape with a diameter of 20 mm and a height of 10 mm by a 
uniaxial press, and further subjected to CIP with a pressure of 1.5 ton/cm 2 
to obtain a disk-shaped formed body. 
[0022] 

Successively, the obtained formed body was set in a crucible made of 
BN, covered with a loose cover made of BN, and the crucible was housed in a 
carbon furnace. While N 2 gas containing 4% of H 2 being circulated, the 
temperature was raised to 120°C and the gas was changed to 100% N 2 . 
The temperature was further raised to 1650°C and kept for 3 hours to 
obtain an A1N sintered body. 
Example 2 

An A1N sintered body was obtained in the same manner as Example 
1, except that 3% bv wei ght of Y(NO«)s is added as a sintering aid in terms 
ofYizOa, and the sintering temperature was changed to be 1600°C. 
[0023] 
Example 3 

As a sintering aid, 3.0% by weight of Y 2 0 3 was added to an A1N 
powder with a specific surface area of 15.0 m 2 /g and a disk-shaped formed 
body was obtained in the same manner as Example 1. After that, the 
formed body was put in an alumina setter, covered with an aluminum plate 
and housed in a carbon furnace. While N 2 gas containing 4% of H 2 being 
circulated, the temperature was raised to 1600°C and kept for 3 hours to 
obtain an A1N sintered body. N 2 gas containing 4% of H 2 was used for the 
entire process. 
[0024] 
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Example 4 

An A1N sintered body was obtained in the same manner as Example 
3, except that Y2O3 as a sintering aid was replaced by La2C>3. 
Example 5 

An A1N sintered body was obtained in the same manner as Example 
3, except that the crucible made of BN and a cover made of BN used in 
Example 1 were used in place of the alumina setter and the alumina plate, 
and 100% N2 was used for the entire process. 
[0025] 

Comparative Example 1 

As a sintering aid, 3.0% by weight ofY 2 0 3 was added to an A1N 
powder with a specific surface area of 10.0 m 2 /g and a disk-shaped formed 
body was obtained in the same manner as Example 1. After that, the 
formed body was put in a crucible made of BN, covered with a loose cover 
made of BN, and housed in a carbon furnace. While 100 % N2 gas being 
circulated, the temperature was raised to 1650°C and kept for 3 hours to 
obtain an A1N sintered body. 
[0026] 

Comparative Example 2 

An A1N sintered body was obtained in the same manner as 
Comparative Example 1, except that 3.0% by weight of Y2O3 and 0.5% by 
weight of CaO were added as the sintering aid. 
Comparative Example 3 

An A1N sintered body was obtained in the same manner as 
Comparative Example 2, except that an A1N powder with a specific surface 
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area of 3.0 m 2 /g was used as the A1N powder. 
[0027] 

Tables 1 and 2 show the main firing conditions of the respective 
Examples and Comparative Examples, and the densities, the grain sizes, 
the thermal conductivities and the bending strength of the respective A1N 
sintered bodies obtained in Examples and Comparative Examples. 
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[0028] 



[Table 1] 





Type and 
amount of* 
sintering aid 
(% by weight) 


Firing 

ItKZLLLjJ cid. b LIT c 

and duration 
°C, Hr 


■rvtmospnere at 
firing 


Material of 
container for 
firing 


Example 1 


Y2O3 
3% by weight 


1650 
3 


1200°C or less: 
H2 + N 2 * 
1200°C or 
more: N2 


BN 


Example 2 


Y(N0 3 ) 3 
3% by weight 


1600 
3 


1200°C or less: 
H 2 + N 2 * 
1200°C or 
more: N 2 


BN 


Example 3 


Y2O3 
3% by weight 


1600 
3 


H2 + N 2 * 


AI2O3 


Example 4 


La203 
3% by weight 


1600 
3 


H2 + N 2 * 


AI2O3 


Example 5 


Y2O3 
3% by weight 


1600 
3 


N 2 


BN 


Comparative 
Example 1 


Y2O3 
3% by weight 


1650 
3 


N 2 


BN 


Comparative 
Example 2 


Y2O3 
3% by weight 

CaO 
0.5% by weight 


1650 
3 


N 2 


BN 


Comparative 
Example 3 


Y2O3 
3% by weight 

CaO 
0.5% by weight 


1650 
3 


N 2 


BN 



*: N 2 gas containing 4% of H 2 #: 3% bv weight in terms of Y2O3 
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[0029] 
[Table 2] 





Density 
(g/cm 3 ) 


Thermal 
conductivity 
(W/mK) 


Bending 
strength 
(kgtfmm 2 ) 


Average 
grain size 


Specific 
surface area 
ofAIN 

nowH pr 

fj yj w uci 


Example 1 


3.30 


150 


44 


0.9 jim 


12 m 2 /g 


Example 2 


3.29 


143 


46 


0.8 (im 


12 m 2 /g 


Example 3 


3.30 


135 


48 


0.7 Jim 


15 m 2 /g 


Example 4 


3.33 


130 


47 


0.7 urn 


15 m 2 /g 


Example 5 


3.30 


120 


50 


0.7 um 


15 m 2 /g 


Comparative 
Example 1 


2.87 


100 


25 


1.0 \xm 


10 m 2 /g 


Comparative 
Example 2 


3.23 


115 


28 


1.4 (im 


10 m 2 /g 


Comparative 
Example 3 


3.10 


108 


23 


1.5 (im 


3 m 2 /g 



[0030] 



As shown in Table 2, the A1N sintered bodies of Examples were 
sufficiently densified without using an alkaline earth type or fluoride type 
sintering aid and provided with both high thermal conductivities and 
bending strength. On the contrary, A1N sintered bodies of Comparative 
Examples were not provided with those properties. 
[0031] 
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[Effects of the Invention] 

In an A1N sintered body production method according to the present 
invention, firing is carried out at a low temperature of not more than 
1650°C, therefore the life of a container for a firing jig can be prolonged and 
it is made possible to utilize a container made of an economical material and 
further power consumption can be saved to result in cost down of running 
cost as well. Furthermore, since neither alkaline ^arth compound nor 
fluoride type sintering aid is required to be used, uneven firing, warping, 
and deterioration of a furnace and a setter owing to diffusion can be 
prevented and further the grain size becomes small to give A1N sintered 
bodies excellent in mechanical strength at a low cost. In addition, in the 
case reduction treatment is carried out, the thermal conductivities of A1N 
sintered bodies can be improved. Accordingly, the present invention is 
practical and remarkably advantageous for practical application. 
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MSSOTJi LTL,. Y 2 O a rY (N0 3 ) 3 CXA. 

^agr 1 6 o ort LJtiaui. sttKH 1 tmmzi 

XA 1 NigSSftSftrt:. 

coo23] -mmis- 

RMm&fin 5.0m 2 /g«A I NKi*t^ £S«£#tf<] 
fcLTL. Y= O a 2:3. Ofia%sajnL. HJ£P»Jl£ 

^i^-t-y^-^Ail. Til>i-tmVJrfzZLX, i] 

i&l-Ketfk 1 6 0 0°C£-C#zSLT 3 9*18168$ U A 1 

[00243 -«6W4 " 
£8S8WI£ LT U Y 3 0 3 rLa 2 0 3 tc^^ffi 
li, Sa8W3tl3|«K:UTA l NJfittfr&ffcfc. 

BNm-y*fcBNB7*5rfm\ 10 0% 

N 2 rtxtmv^h i.oliZ L^ffili. MSfi*13 i: |SI«C L 
TA 1 N«BSf*:5:&*:. 
[0025] -JtRW 1 - 

itwm&pi o.om 2 /'s«oa i rwmz* tmwim 

tLXL. Y a 0 3 5-3. 0Sa%^tIDL. HSI^Ilt 

U^Jl-yt^izMl. yU-X5rBN«7^*«tiT. * 
-.■Kyff+tyOOftL. 1 0 0%N 2 Xr^SaL4#4>. 
1 6 5 O-CC^fSL-C 3B#^»L. A 1 NfiBSttarft 

[00 26] -Jtl^J2- 
MJSB^Ji; LT L, Y 2 0 3 5r 3 . 0£S%i5J:T>'C a 
O 2r 0 . 5 £ft%a&a L^ffiti. itSfPl 1 fc fflttC L-T 

A 1 N^SSftr^Tt:. 

-imms- 

A 1 NSJ^t LT, ttSSWfStfS. Om 2 /s«0A 1 N 
«j5l5*fflv^!tffi>{±. it^l2t|5|«tLTA 1 Nig^f* 

[0027] Jrr^JtlfiWiCteJtiSWEftPW)* 

[ 0 0 2 S ] 
t*l ] 



(05) 1 9 1 955 

7 8 







t. H r 




OSS 






16 5 0 
3 


~1200rHz +N Z * 
1200T~ N, 


BN 




Y(N0 3 ) 3 
3fi5% 


16 0 0 

3 


~i200Tz a j + n 2 se- 
izor- Nz 


BN 


nmw 3 


Yz O, 

3 fiasco 


16 0 0 
3 


Hi +N z * 


AlzO, 


nmvu 


La; O] 


16 0 0 

3 


Hi +N a 


A1 2 0, 


jotm 5 


Ye 0, 
313K 


16 0 0 

3 




BN 


tt&m i 


Ya O, 


16 5 0 
3 


Nz 


BN 




Y* O a 

C a 0 
0.5ISH 


16 5 0 
3 


Nz 


BN 


ib«W3 


Y, O s 
3Mg% 
C a O 
0.5SS% 


16 5 0 

3 


N 2 


BN 



[0029] 



^ H 2 4 ^S©N Z 

[*2] 



(06) 



^^6-19 1955 





(g/cm 3 ) 


1 

(W/mK) 


kgf/nw J 




A 1 NttM 




3.3 0 


1 5 0 


4 4 


0. 9A<m 


1 2 «V« 




3.2 9 


1 4 3 


4 6 


0 . 8 /r m 


1 2 *7g 


3UIW3 


3. 3 0. 


1 3 5 


4 8 


0. Turn 


1 5 n>7g 


£3£*!I4 


3.3 3 


1 3 0 


4 7 


0. 7*171 


1 5 aVg 


&Mim 5 


3.3 0 


1 2 0 


5 0 


0. 7 *m 


1 5 nVg 


Jfctttt 1 


2. 8 7 


1 0 0 


2 5 


1 . 0 um 


1 0 m'/g 




3.2 3 


1 1 5 


2 8 


1 . 4 /t/m 


1 0 raVg 


ifcRM 3 


3.10 


1 0 8 


2 3 


1 . 5 // m 


3 nVg 



C O 0 3 1 ] 




COOOl] 
C0002] 



(OS) 



1?ia¥6-l 9 1955 



C. Zco$&McD*§r&. ibSffi»**12. 0m2/gfcLh 

fiKfiWS'lTtfttri 6 5 O^OT^^aKT^rff 'i 

T^>&fc#££*i£<OT*£. ^ixSfc, A 1 N.«BSf*tfO 
TV -f >-*M Xli 1 6 5 O'COTTt JBffiSrJBdE-r-fc T 

UWfi«/jNS<fr6«m#a>4. A 1 N£ES£ 

[00 12] *7t. RjESWttTfcflfHfcfcftA 1 N» 

u: ^«!iB»iiA i NmjfcwmmizfritLsvifrbT 

h & . Ltzifi^X , HMm IA* 12. 0 m 2 / g fcUb W 
rt\ ^^cS^^^^AN^rfflo^i^izJt^ 
(0013] Z<7)£ o fc* Z<7)§mX1%Z>A 1 N#8£tt; 

jzl&mxi*foz>tf — -fr ^:ain^w>^ 
£aj_ Nta-^^^^^ ^s^ im-tfrr f . ■* ^ - > 

{ 0 0 14] ±^m&£tSMttZg±J*>t> tETFcoji o 

ffifykiMSLzA h Soffit "fi 1 6 5 0*O;JT<?m&m 
AX^tSOtitzMz^ mAt LX 1 2m2/gtJLb^ 
BHSt^A 1 Nf^^^±M^^S^fi : ^5^ l -, 

mitt'mm^tz^coitmix^ mm 



mm&mzxzA i mmnT-nmm$^m7tX'ft±. 
[0015] mmmt i/c«3#7 vm&?)M±mft 

il-TJAY. La. Dy. Er. Ce, Sm. Pm. N 
d. Eu. Gd, Tb. Pr, Tm, Lu, Ho. Yd 

^t:crm\m, ms&xM±m&[Vfa > & * \i y ^ tlx 

A l N 1 0 0fift%ti-Sfc . ^<7)o*>fc? 
SSBffiffJ^ 0 . 1-1 OJtJL^r <t 3 tz^r^> J: o tc 

[0016] «fi£ti. 1 4 0 0£jSBEj&^ 1 6 5 O'Ci 

1!r/^S*/ffll5*S*l^V «i«f. 16 50rT&S£r 
1 2 00iCS-CS:a7C»H«fcL. 

i4Jl7C»H«tUi, H2. CO, NHS. CH4 . 
C2H4, C2H6. C 3 H 8*7)iKEtt^^35HS^ 

.^CC J: ^ mjttm^<?m$Ltf^ Xh h . 
[00 17] 

#12. 0m2/sHJb^A t N»*d*LT*7v* 

^^±p;ft^<^r^SK)^i(t^fflv\ i 6 5 oxas 

[0018] mtffifflb LXT/isX V±m\LifiW$>7 v 
m^<7)\><r)*mo^zttstz*b. A l N)S&fccoim<u 

16 5 oxxjrois&wi^x'hztiiib. msm 

[0019] A 1 N«j**+^U>f V 

[0020] )'m.^m& £ fz ( tim.^crf-Mjtfm ^ ft 
1 N^S-*r1f ^ii^J: 5tc5:S. 



(09) 



nm^6- 1 9 1955 



[0021] 

-mm i - 

t-mmmn 2. om2/g^A 1 ns^c m&mm 

■hL:C_Y203Sr3. 02J^SjdU aBCtf-yL -5 

«a»Bec?>S. — «TU^c«t»3lIg2 0ni 
nn'ES5.mmonfitttCiKSL^%, 1. 5 ton 
/ cm 2 ^EATC I PrJEU R«tt<0«»tt£» 

it;- 

[ 0 0 2 2] ggv v£\ Cl^tfygfrr B NSS/l'Vtf+CeA 

U 4%cOH2r^L^N2^XrSL : S:^^l 2 0 
OXri T'#fi L^fi, /fx r 1 0 0 % N 2 /tetcflJS* 
1 G 5 OiCfclBlLT 3B«Bfi»L. A 1 NMiSftirft 

-.WfcM2- 

^MSlflL^J^SfagSr 1 6 0 CTCh L^lttiMSfaj 1 
tRttiCLTA I Nffitgfr&ftfc. 
[0023] -*liW3- 

it-HBiiWiU 5. 0m2/g<?)Al NfflSfcG. ^SBOTJ 

>Lr_Y203r3. oarasanu wtwifcR 

>"*P*CiRttL. 4%cOH2 2:^L^N2^2rf5EL 
1 6 0 0iC4T'*aiLT3i»BW«»L. A 1 N« 
4560H2S:*#UfcN2^i^XST' 

[0024] -IBHHM4 - 



«e»WJ t Lr_Y 203rLa203 CSEifcffili. 
^JBHSfclniaicLTA 1 NfiSSfls5-?#£. 

Ng/L'7^BNg7^tfflt\^Ig^ 10 0%N 
2 %6 J: -3 CC LfcBM. Xtt&D fc RStc LT A 

I N*BB*Sr»*:. 

[0025] -*t$2CT 1 - 

it«ffl»A<l 0. 0m2/gOA I Nft^C, gSSB&ffJ 
fcL£_Y2033:3. OMXSaniU JWftMl fcH 

^vt^^iDSrtL. -1 OO^N2^SrfflL ! 5r3&*fe. 1 

6 5 o*ac#}£LT 3BaaesjsL. a i n^&^# 

[0026] -Jt9KCT2- 
ISmWmt Y 2 O 3 £ 3 . 0fi&%;fcJ;l/CaO 

ro. 5mm%mnLtMt. amiitmitizLXA 

-■fcttW!3- 

A 1 NfA^t LT, Jt8ffif*&*3 . 0m2/g^A 1 N 
ffi*SrJHv*:ftMi. ittOT2i:H«fc:LTA 1 N«f£fr 

[0027] ^SSCT^ J: Vit«^^*t4flBSftltO± 
^t^X ^»ltoJ:t/i«^JT1#^tut:^-A 1 N«Sgf*: 

Vtttfa«S\ 81, *2«W\ 
[0028] 
[*1] 



(10) 



«S8¥6-1 9 1955 





8t*5<i:g 

(11%) 


£BS1H 
t. Hr 






Ktmi 


1 


16 5 0 
3 


~1200*CH 2 +N: 5S 
1200T- Ni 


BN 




Y(N0 3 )j 


16 0 0 
3 


~l200tH 2 +N: iS 

1200t~ Ni 


BN 




Y 2 0 3 


16 0 0 
3 




A1.0 a 


KM9U 


L a 2 Oj 

3 ms*; 


16 0 0 
3 


H 2 +N» 


AlxOj 


5 


Y 2 0 3 


16 0 0 
3 


Nz 


BN 


tt«W 1 


Yz O, 
3S5^ 


16 5 0 
3 


N* 


BN 


tt«W2 


Y 2 O, 

C a O 
0. 5 IfK 


16 5 0 
3 


Nz 


BN 


tt«W3 


Y 2 Oi 
3MS^ 
C a 0 


16 5 0 
3 


N 2 


BN 



[0029] 
t«2] 



(11) 



IfSfffe-l 9 1955 





(s/cm 3 ) 


CW/oriO 


kgf/nw* 






HSfefrJ 1 


3. 3 0 


1 5 0 


4 4 


0. 9 ,um 


1 2 mVg 




3.2 9 


1 4 3 


4 6 


0. 8 um 


1 2 «7g 




3.3 0 


1 3 5 


4 8 


0. 7 urn 


1 5 mr/g 


arm* 


3. 3 3 


1 3 0 


4 7 


0. 7 jjm 


1 5 mVg 




3.3 0 


1 2 0 


5 0 


0. 7 


1 5 m 2 /g 


0M9I1 


2.8 7 


1 0 0 


2 5 


1. 0 urn 


1 0 «Vg 




3.2 3 


1 1 5 


2 8 


1 . 4 u m 


1 0 «Vg 


Jfc«W3 

->. t l -: ' 


3. 1 0 


1 0 8 


2 3 


1 . 5 #m 


3 mVg 



C 0 0 3 0] 
C 0 0 3 1] 

areu. i6 5oxaaT«>fflafl&ftT* 



aaw9&«ayrtrtrt:«>. sat a?, so, ^^t-y 

lMXW*S<fc»). ttttft5UE£fti'i*:A 1 NMsSft 
£*U Jn£Til7c^a { *6$iT.£*&£-fcliA 



7Q> h^-i*og!£ 



